The concentrations of metals (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Tl, and Zn) in various textile fibers (cotton, acrylic, polyester, nylon, viscose, and polypropylene) of different colors (red, white, green, blue, yellow, orange, black, brown, purple, pink, navy, burgundy, beige, and grey) were determined by microwave plasma-atomic emission spectroscopy (MP-AES). Textile fibers were collected from the various textile plants in Gaziantep-Kahramanmaraş, Turkey. Heavy metals concentrations in all examined textile fibers after wet digestion were found to be high, whereas in the artificial sweat extract they were low. The only lead concentrations in textile fibers analyzed after extraction in the artificial sweat solution were found higher than limit values given by Oeko-Tex.
Introduction
The textile industry has been condemned as being one of the world's offenders in terms of pollution because it requires a great amount of chemicals [1] . 2000 different chemicals are used in the textile industry from dyes to transfer agents.
Residues of antimony, copper, and chromium in dyestuffs are possible from the use of catalysts in the synthesis of some dye intermediates. Some reactive dyes contain metal complexes such as that of copper, nickel, cobalt, and chromium. It is also possible for dyestuffs with metal-free chromophores to contain metallic impurities, originating from the raw materials used in manufacture.
Traditionally produced fabrics contain residuals of chemicals used during their manufacture, chemicals that evaporate into the air we breathe or are absorbed through our skin. Some of the chemicals are carcinogenic or may cause harm to children even before birth, while others may trigger allergenic reactions in some people. Prolonged exposure to heavy metals may cause health problems such as kidney failure, emphysema, allergies, and even cancer. For this reason, the determination of the metal content of textile materials is very important.
Oeko-Tex Standard 100 is an international testing and certification system for textiles, limiting the use of certain chemicals. Textiles with this label are proven to remain below the set limit values for certain harmful substances. Oeko-Tex Standard 100 limit values were given in Table 1 .
Several analytical techniques, such as anodic stripping voltammetry [2] , spectrophotometry [3] , atomic absorption spectrometry [4, 5] , inductively coupled plasma optical emission spectrometry [6] [7] [8] [9] , inductively coupled plasmamass spectrometry [10] , and X-ray fluorescence spectrometry [11] are used commonly for the determination of total or extractable amounts of heavy metals in textile. However, microwave plasma-atomic emission spectroscopy (MP-AES) represents a completely new elemental analytical technique that has been designed to improve analytical performance and productivity, while decreasing operating costs by eliminating the flammable and/or expensive gas requirements used in typical elemental analytical techniques.
In this study, the concentrations of metals (Al, Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb, Tl, and Zn) in various textile fibers (cotton, acrylic, polyester, nylon, viscose, and polypropylene) of different colors (red, white, green, blue, yellow, orange, black, brown, purple, pink, navy, burgundy, beige, and grey) were determined by MP-AES. Extraction with artificial sweat solution and wet digestion were performed before MP-AES analysis. Both comparisons of two digestion methods were carried out. 
Sample Preparation

Extraction in the Artificial Sweat Solution.
Textile fibers were dried for 48 h at 60 ∘ C before analysis and afterwards cut and weighed. The artificial sweat solution was prepared as described in the ISO 3160/2 standard by dissolving 20 g NaCl, 17.5 g NH 4 Cl, 5 g CH 3 COOH, and 15 g lactic acid in 1 L of deionized water. The pH was adjusted to 4.7 by adding the respective amount of 0.1 N NaOH. 0.5 g of a sample was mixed for 24 h with 40 mL of artificial sweat solution. After filtration, the solutions were analyzed by MP-AES.
Wet Digestion Procedure. Textile fibers were dried for 48 h at 60
∘ C, cut, and weighed. One gram of a sample was heated at 110 ∘ C for 55 min with 10 mL of 1 : 5 H 2 O 2 (30%)/HNO 3 (70%) acid mixture. The resulting solutions were cooled and filtered. After filtration, the solutions were filled up to 25 mL with deionized water. Then, the solutions were analyzed by MP-AES.
MP-AES Analysis. MP-AES analysis was performed on
an Agilent 4100 instrument. The Agilent MP Expert software was used to automatically substract the background signal from the analytical signal. A background spectrum from a blank solution was recorded and automatically substracted from each standard and sample solution analyzed. The software was also used to optimize the nebulization pressure and the viewing position for each wavelength selected to maximize sensitivity. The MP-AES conditions were the following: 
Quality Control.
The calibration standards were prepared in the range of 1-5 mg L −1 using a multielement standard solution in a matrix of 5% HNO 3 . In all cases, the correlation coefficients of linear function were better than 0.995. Limits of detection (LOD) and limit of quantification (LOQ) were calculated from three and ten times the standard deviations for 15 consecutive blank measurements divided by the calibration curve slope, respectively. The values obtained for all metals are listed in Table 2 . 
Results and Discussion
Heavy metal contents in the examined various textile fibers (cotton, acrylic, polyester, nylon, viscose, and polypropylene) after wet digestion were presented in Table 3 . Iron (43.44-80.13 mg kg −1 ) and aluminum (39.47-103.13 mg kg −1 ) were detected in the highest concentrations in all examined textile fibers. Zinc was not found in any of the textile fibers. Cobalt was only found in viscose fibers as 2.06 mg kg −1 . The concentrations of some heavy metals were determined considerably higher than the mean concentrations (manganese (22.37 mg kg −1 ) in green cotton fibers; chromium (17.51 mg kg −1 ) in black acrylic fibers; copper (17.74 mg kg −1 ) in green polyester fibers; cobalt (9.18 mg kg −1 ) in pink viscose fibers; and chromium (4.58 mg kg −1 ) in yellow polypropylene fibers). The levels of cadmium and lead in all examined textile fibers were found considerably higher than the values demanded by Oeko-Tex. The concentrations of other heavy metals (Cu, Ni, Cr, and Co) were determined to be within the normal limits. There is no any information about iron, manganese, aluminium, zinc, and thallium in limit values given by Oeko-Tex.
Heavy metal contents in the examined various textile fibers (cotton, acrylic, polyester, nylon, viscose, and polypropylene) after extraction in the artificial sweat solution were presented in ) levels in all examined textile fibers were determined to be within the normal limits. Iron, cadmium, nickel, zinc, cobalt, and thallium were not determined in any of the textile fibers.
Heavy metals concentrations in all examined textile fibers after wet digestion were found to be high, whereas in the artificial sweat extract they were low. However, the determination of the amounts passing into the body of heavy metals from textile products as a result of sweating is very important. To determine them, synthetic artificial sweat is commonly used as extraction media. The low solubility of heavy metals in the artificial sweat extract indicates the quality of the textile products.
The literature values of heavy metals in various textile products were given in Table 5 . The nearest studies to our study in the literature were displayed by Dogan et al. [11] and Saracoglu et al. [5] . They reported that mean heavy metal concentrations were detected in cotton, polyester, nylon, and viscose cloth samples. Generally, heavy metal concentrations in our study were found to be similar to theirs. Tuzen et al. [4] found the concentrations of heavy metals to be in the range of 0.76-341 g g for Ni in cotton fabrics. These values are notably high in comparison to our study. In a study by Rezić and Steffan, minimum and maximum values of heavy metal concentrations were found 0.11-1.58 g mL −1 for Al, 0.05-1.95 g mL −1 for Cu, 0.01-2.17 g mL −1 for Mn, and 0.05-0.10 g mL −1 for Ni [6] . Heavy metal contents in our study were found to be higher than those in their study.
The heavy metal contents of the examined various textile fibers were found to vary significantly from one color to another color and from a type to another. The results obtained from this study show that heavy metal concentrations in textile fibers were not thought to create a risk factor for human health. However, the concentrations of lead were found a little higher than the Oeko-Tex standards in cotton, acrylic, polyester, and polypropylene fibers. People are exposed to heavy metals coming from textile materials due to daily contact with textiles like clothes, bed linen, and similar products. Some of these metals may trigger allergic reactions and much worse. Therefore, textile fibers should be analyzed more often. MP-AES technique is well suited for rapid and sensitive monitoring of heavy metals in textile fibers.
